Abstract. For the assignment problem in UAVs against multi-target, model is established of UAV attack advantage and target threat level respectively from attack and defense, and comprehensively establish the UAVs against multi-target optimization model. Transform the model into a multivariable nonlinear optimization problem, an optimization method based on cell winning suppression (CWS) is proposed, set the target simulation scenario to test the performance of CWS. It is also compared with the Hungarian method and Genetic algorithm. Comparing with other mathematical optimization methods, the simulation results show that the CWS algorithm has more advantages in the computational efficiency and the attack of the key targets.
Introduction
UAVs against Multi-target task assignment belongs to the Weapon-Target Assignment (WTA), which plays an important role in combat decision-making and fire use. Central platform separates multiple UAVs, and kill all threat targets within a certain field [1] . A key part of this work is to determine which UAV to against target in the attack process. This problem mainly includes the assignment modeling and algorithm design [2] [3] . With an increasingly complex battlefield environment, research on target assignment strategies has been widely used in multi-target interception, multi-UAV task assignment, and aircrafts air combat, and it has experienced the process from traditional algorithms to intelligent algorithms and static to dynamic [4] [5] [6] [7] [8] [9] [10] . In terms of algorithm design, several methods [4] [5] [6] [7] have been used such as particle swarm hybrid algorithms, ant colony algorithms, auction algorithms, to solve the problem, and achieved good performances, reflecting the advantages of intelligent algorithms in complex battlefield environments. In addition, the Dynamic Weapon-Target Assignment (DWTA) problem has gradually been studied [9] [10] . However, with the state changes of platform and target, it is a dynamic development processes that need to consider the influence of time and other random factors. The solution is more complex and it is still in the exploratory stage, the related results are rare.
Based on the comprehensive consideration of the target threat and the effectiveness of the UAV attack, this paper establishes a UAV multi-target attack optimization model. An optimization method based on cell winning suppression (CWS) is proposed. The performance of the algorithm was tested in the simulation scenario of UAVs against multi-target, compared with other mathematical optimization methods, we summary the advantages and disadvantages and application field of several algorithms, in order to provide a reference for the settlement of related issues in the future.
Target Assignment Modeling
Assume the scenario that m UAVs to attack n targets, each UAV can only against 1 target and whichever target can be assigned to any UAV. In addition, the effectiveness of different UAVs against the same target are different.
We can design the decision model as [5] : 0 the ith UAV does not against the jth target 1 the ith UAV against the jth target
The optimization model for target assignment can be expressed as:
where: Target Threat Level j W reflects the "seriousness" and "urgency" of the incoming target and is closely related to the characteristics of the target. Specifically, it is the target's infrared characteristics, spatial distribution etc. , and there we mainly consider target optical intensity, velocity and position. For infrared image, there is a relation between the change of optical intensity and its temperature and radiation wavelength. Due to the quality difference of real warheads and baits, the temperature change rate of them are different, and the radiation wavelengths of different objects are not same, so the optical intensity of infrared imaging is also . Therefore, the change process of target's optical intensity can be used as a basis for judging whatever it is a bait or real warheads. Take a threat function of the optical intensity characteristic as:
where, 1 x is the variety rate of target optical intensity, 1 a and 1 b are the lower and upper bounds for them separately.
In the process of releasing the bait from the warhead, the velocity of the bait changes very clearly from the conservation of momentum. Instead, the real warhead is of high quality, if there is no special maneuver, the velocity and position of the warhead change relatively little. So according to the infrared image sequence, the movement is relatively stable should be real warheads. Take the sports characteristic threat function as: 
where, 2 x is the variety rate of target velocity, 2 a and 2 b are the lower and upper bounds for them separately.
According to the above, make a weighted sum for each threat function. If there is not a significant difference in the threat function of a certain characteristic, a smaller weighting factor is assigned. Instead, it indicates that the characteristic has a significant effect on the target recognition, and the larger one is assigned. And the target threat level can be expressed as:
where, 1 2 , λ λ is the weight factor, and 1 2 =1 λ λ + .
Attack Effectiveness
Due to the limitation of fuel and load capacity, UAVs have a range in space braking and action. So when the attack mission is carried out, it is affected by the control capability (platform steering angle velocity) and relative distance for each UAV, and there is a difference in attack effectiveness ij P . The greater ij P indicates that the UAV has better effectiveness against the target. According to the distance between the target and UAV and the field of UAV action, it can be concluded that the effective distance function of the platform is: are the maximum and minimum distances to attack in a inescapable zone.
According to the limitation of the UAV actual control ability, considering a variation of the target velocity steering angle on the unit action distance for the platform, it can be concluded that the control force effectiveness function is:
where:
is a normalized angle between the UAV and target velocity vector, and T S * is the normalized distance between them.
Therefore, the effectiveness of the UAV's attack on the target can be expressed as:
where, 1 2 , β β is the weight factor, and 1 2 =1 β β + .
CWS Algorithm on Target Assignment
For the UAVs against multi-targets scenario, adopt the assumption of one-to-one single object matching, a UAV can only against one target. Based on the quantitative description of the optimization model, the enumeration method can be directly used to solve the problem when the number of targets is small. Multi-targets problem need to be solved by intelligent algorithms such as GA(genetic algorithm) and PSO(particle swarm optimization). In GA, first set the encoding rules for the target assignment strategy, and determine the initial population. And then perform the operations such as selection, crossover, and mutation, final an iterative optimal solution of the overall target assignment is obtained. However, due to the principle of single matching, GA are limited in coding and the design of adaptive function. This paper is inspired by the Self Organizing Maps (SOM), which selects winning neurons in the field of competition, and reduces the weights of neighboring neurons to suppress other neurons. This paper proposes a optimization algorithm for cell win suppression (CWS), it is different from the iterative of the global optimization in GA. The strategy is to use a assembly of local optimal solutions to replace the global optimization. The specific steps are:
(1)According to the target threat i W and attack effectiveness ij P , ergodicly calculate the attack advantage of the UAV i against the target j for each possible assignment, forming a target assignment advantage matrix A. Cell as the starting point, the remaining cells have a same number of row or column are suppressed, marked them as unselectable ( Fig. 1(b) ), and then selected the largest value in the remaining cells, set this cell and extract its pair 
Experiments
Simulation to analyze tthe effectiveness of the collaborative multi-target assignment quantization model and CWS algorithm, comparing the performance with the Hungraian and GA. At simulation scenario, there are 10 UAVs and targets so that to guarantee a one-one match and exists a mapping relation. Table. 1 and Table. 2 show the parameters setting of the target and UAV, Fig. 2 is a visual display of the simulation scene. Vz  1  15  31  4  34  21  44  2  45  21  0  28  47  31  3  37  55  2  23  21  62  4  44  25  7  53  -4  32  5  73  18  13  41  14  42  6  66  25  5  31  47  25  7  63  21  1  38  54  11  8  74  14  2  9  62  43  9  19  46  3  51  32  28  10  24  56  6  52  19  42 
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Results and Analysis
Respectively use Hungarian, GA and CWS algorithm to simulate the target assignment. Among them: The coding method of the GA uses the decimal code, the population size is 380 and the evolutionary iteration is 300; The CWS algorithm takes the initial winning cell group number K as 15.
The population evolution curve of GA is shown in Fig. 3 . It can be seen that the maximum advantage value converges quickly and a relatively reasonable assignment scheme is obtained. The average advantage value increases continuously, which indicates that the quality of the entire population is increasing.
The performance of the algorithm is shown in Table. 3, the CWS and Hungarian perform quite equivalent in overall superiority value, and the GA algorithm can obtain a relatively more optimal solution. In terms of simulation time, the CWS algorithm is slightly faster than Hungarian, but due to the size of the population and the number of iterations, the GA algorithm is relatively time consuming. According to the setting of simulation parameters, the 10 target threats i W are calculated as shown in Table. 4, and it can be seen that the target 1, 2 and 7 targets have the highest level of threat. In the ideal situation, it is always hoped to effectively crack down the key target when overall assignment is well. The optimal matching results of the UAV and the three methods perform to attack the key target are shown in Table. 5. It can be seen that the CWS algorithm has two hits in the top 3, while the Hungarian and GA are 1 and 0 respectively. it shows that the CWS algorithm has a higher attention on the key targets, and it has more advantages in local precision attacks. Comparing the simulation results of several algorithms, it can be found that GA achieve a better performance from the perspective of the global optimization; moreover, the CWS and Hungarian algorithm perform better when considering the effectiveness and hardware computing capability. In addition, when considering to pay more attention on the enemy's key targets, CWS algorithm has a better attack performance from the perspective of the local optimal solution.
Summary
Based on the mutual situation between ours and the enemy, this paper establishes an overall advantage function based on our UAV and enemy threat targets. Respectively use GA, Hungarian, and CWS algorithms to solve the optimization model. The simulation results show that the GA has more advantages in the overall assignment advantage. CWS and Hungarian algorithms is more faster in computational efficiency, and CWS proposed in this paper is more adaptive to the local target precision attack of the key target.
